Molecularly imprinted silica films prepared by electroassisted deposition for the selective detection of dopamine by Porcel-Valenzuela, María et al.
Accepted Manuscript
Title: Molecularly Imprinted Silica Films Prepared by
Electroassisted Deposition for the Selective Detection of
Dopamine
Author: Marı´a Porcel-Valenzuela Alfonso Salinas-Castillo
Emilia Morallo´n Francisco Montilla
PII: S0925-4005(15)30220-3
DOI: http://dx.doi.org/doi:10.1016/j.snb.2015.08.042
Reference: SNB 18897
To appear in: Sensors and Actuators B
Received date: 14-4-2015
Revised date: 17-7-2015
Accepted date: 10-8-2015
Please cite this article as: M. Porcel-Valenzuela, A. Salinas-Castillo, E. Morallo´n, F.
Montilla, Molecularly Imprinted Silica Films Prepared by Electroassisted Deposition
for the Selective Detection of Dopamine, Sensors and Actuators B: Chemical (2015),
http://dx.doi.org/10.1016/j.snb.2015.08.042
This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.
Page 1 of 32
Ac
ce
pte
d M
an
us
cri
pt
1 
 
Molecularly Imprinted Silica Films 
Prepared by Electroassisted Deposition for 
the Selective Detection of Dopamine 
María Porcel-Valenzuela1, Alfonso Salinas-Castillo2, Emilia Morallón1, Francisco 
Montilla1,* 
1Dept. Química Física e Instituto Universitario de Materiales, Universidad de Alicante, 
Ap. 99, E-03080, Alicante, Spain 
2ECsens, Department of Analytical Chemistry, Campus Fuentenueva, University of 
Granada, 18071 Granada, Spain 
 
 
 
 
 
 
 
*Corresponding author: francisco.montilla@ua.es. Tel/fax + 34 9695909820 
Page 2 of 32
Ac
ce
pte
d M
an
us
cri
pt
2 
 
 
Abstract: 
Dopamine (DA) can be detected by electrochemical oxidation in conventional 
electrodes. However, the presence of other oxidizable species (interferents) usually 
present in physiological fluids at high concentrations (like ascorbic acid) makes very 
difficult its electrochemical detection. In the present work, glassy carbon electrodes 
have been modified with Molecularly Imprinted Silica (MIS) films prepared by 
electroassisted deposition of sol-gel precursors. The production of MIS films was 
performed by adding the template molecule (DA) to the precursor sol. The molecular 
impression of silica was assessed showing a high coherency allowing a filtering 
capacity in the molecular scale.  The MIS-modified electrodes present a high selectivity 
for the detection of DA in neutral or acidic solutions. The MIS-modified electrodes 
allow the amperometric determination of dopamine in solutions containing ascorbic 
acid with molar ratios lower than 1:50000. 
 
 
 
 
Keywords: molecular imprinting; electrodeposited silica; dopamine, ascorbic acid; 
electrochemical sensor 
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1. Introduction 
Molecularly imprinting is one of the best-known techniques to generate synthetic 
polymers with recognition sites for a given molecule. The production of novel 
molecularly imprinted polymers is through the synthesis of highly cross-linked 
polymers in presence of “printing” molecules (called templates). Thus, the subsequent 
removal of the template allows for using the polymer as selective medium for printed 
molecules or structurally related compounds[1]. However, more research needs to be 
done to increase the direct application of molecularly imprinted materials to the 
generation of new analytical sensing devices. [2–11] 
Although, these materials are considered critical for the production of diverse 
chemical sensors, there are only few studies about the application of these systems on 
different transduction systems such as piezoelectric, electrochemical or luminescent 
devices[1,12–14] 
Usually molecularly imprinted polymers for electrochemical applications are 
made of acrylic, vinyl or siloxanic networks deposited over suitable electrode substrates 
by standard film processing methods, such as, spin-coating, photografting, silanization, 
self-assembling, etc.[2,4–7,9,10,15]These films often suffer from the presence of 
pinholes because film does not grow uniformly over the electrode with standard 
techniques.[16] It drives to a lowering of the performance of the resulting 
electrochemical sensor. Then, the use of electrochemical deposition methods can 
improve the performance of the modified electrodes by obtaining films that are more 
homogeneous. 
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The detection and quantification of neurotransmitters in physiological fluids is a 
sticking point of electroanalytical science. Many catecholamine-based neurotransmitters 
can be detected by electrochemical oxidation in conventional electrodes[17–21]. 
However, the presence of other oxidizable species in physiological fluids at high 
concentrations strongly masks the oxidation of neurotransmitters. An archetypical 
approach, which reproduces the conditions of this detection method, is the 
electrochemical determination of dopamine (DA) in the presence of ascorbic acid (AA). 
DA is easily oxidized with conventional electrodes (such as GC, graphite, platinum, 
etc.)[22–28]. However, there are a number of problems associated to the 
electrochemical detection of DA due to the oxidative reaction of this compound. One of 
the primary problems is the presence in physiological fluids of other species that 
undergoes oxidation at similar potentials than DA, being the main interferents AA or 
uric acid. The major problem comes since concentration of dopamine in the 
extracellular fluids, is extremely low (0.01-1 µM) for a healthy individual while the 
concentrations of the main detection interferents are several orders of magnitude higher 
(30-90 µM for AA). Therefore the concentration ratio for DA:AA in blood plasma is 
around 1:10000 or lower.[29,30] In order to improve the selectivity of the electrodes for 
this application big efforts have been made to modify the electrode surfaces by different 
strategies, including graphene, nanoparticles, conducting polymers, self-assembled 
monolayers, etc. [31–34]These modified electrodes obtained good selectivity for ranges 
of DA:AA concentration ratio of 1:1000 in the best case.[33,35–37] 
This work presents a novel method for the preparation of modified electrodes with 
Molecularly Imprinted Silica (MIS) for the selective electrochemical detection of 
dopamine. The MIS layers were prepared over suitable electrodes by electroassisted 
deposition method. The method for electroassisted deposition of silica has been 
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extensively studied for the preparation of modified electrodes for several applications, 
including nanolithography, enzyme immobilization, ion-exchangers and electroanalysis, 
among others.[38–42] 
The application of negative current for the reduction of the solvent containing a 
silica precursor in the presence of a molecular template produces a silica film with 
encapsulated template molecule. The removal of the template (also performed by 
electrochemical method in the present work) produced a molecularly imprinted silica 
film, with improved selectivity towards the selected analyte. The present work is 
focused on the electroassisted synthesis of molecularly imprinted silica sol-gel 
materials, using DA as model compound, but the procedure can be extended to other 
species of electroanalytical interest. 
 
2. Experimental part 
Tetraethyl orthosilicate (TEOS, Sigma Aldrich, reagent grade), ethanol (Sigma-Aldrich, 
p.a.), potassium chloride (Merck, p.a.), dopamine hydrochloride (Sigma-Aldrich), L-
ascorbic acid (Sigma-Aldrich, reagent grade), hydrochloric acid (Merck, reagent grade), 
potassium dihydrogen phosphate (Merck), potassium phosphate dibasic (Sigma-
Aldrich) and sulfuric acid (Merck, p.a.) were used as received. All solutions were 
prepared with purified water obtained from an ELGA Lab Water Purelab system (18.2 
MΩ·cm). 
Electrochemical experiments were performed in conventional electrochemical glass 
cells. The working electrode was a glassy carbon rod (geometric area=0.07 cm2, GC, 
Carbone Lorraine, model V-25). The GC electrode was carefully polished with emery 
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paper and subsequently rinsed with distilled water. A platinum wire was employed as 
counter electrode, and a reversible hydrogen electrode introduced in the same 
electrolyte solution placed in Luggin capillary was used as reference electrode. 
The surface morphology of the modified glassy carbon electrodes was studied by 
scanning electron microscopy (SEM, JEOL JSM-840). 
 
3. Results and discussion 
3.1. Electroassisted deposition of Molecularly Imprinted Silica (MIS) 
A sol-gel silica precursor solution was prepared by mixing 6 mL of TEOS, 8.2 mL 
EtOH and 5.8 mL of 0.01 M HCl+0.46 M KCl solution in a glass vial. KCl is necessary 
to provide conductivity to the solution in order to perform the electrodeposition of silica 
gel. This solution was stirred for 1 hour for the hydrolysis of the TEOS. For the 
electroassisted deposition of silica a polished GC electrode was immersed in the 
precursor solution. The application of reduction potentials to values more negative than 
–1.5 V induces the hydrogen evolution reaction. The concomitant increase of pH near 
the electrode accelerates the gelification of the silica colloids nearby the electrode, 
producing a silica deposit on it. This deposition method produces uniform and coherent 
silica films avoiding the formation of pinholes.[43,44] 
When the deposition is performed in solutions in absence of the template molecule 
(dopamine) the films obtained are labelled as Non-Imprinted Silica (NIS). Different 
conditions for the galvanostatic step were checked with current densities ranging 
between –5 to –20 mA cm-2. After the preparation of the NIS film, the electrode was 
rinsed with abundant ultrapure water and immersed in a 0.5 M H2SO4 blank solution. 
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The electrode is submitted to 10 voltammetric cycles in order to clean its surface. This 
electrochemical treatment is similar to that performed to MIS film as indicated below. 
Figure 1 shows SEM images of NIS-modified GC electrode. The film deposited at –10 
mA cm-2 (deposition charge 150 mC cm-2) is composed by aggregated silica colloids 
with spherical shape and diameters ranging between 40-300 nm. Films formed at more 
negative currents (–20 mA cm-2) resulted in more cracked surface due to the higher rate 
of hydrogen bubbling produced on the electrode surface upon reduction of proton. The 
colloids deposited at this current are more heterogeneous with aggregated silica 
particles ranging between 80 and 700 nm. 
 
 
  A      B 
 
 
 
 
 
 
 
Figure 1: SEM micrographs of NIS-modified electrodes synthesized at different 
potentials. (A) NIS-prepared at –10 mA cm2; (B) NIS-prepared at –20 mA cm2. 
 
 
Page 8 of 32
Ac
ce
pte
d M
an
us
cri
pt
8 
 
Other set of silica films were deposited on GC electrode after the addition of 0.1M 
dopamine (DA, template molecule) in the silica precursor solution. Those films are 
labelled as MIS. The deposition of MIS films was performed galvanostatically in 
similar conditions than the NIS films. After the preparation of the MIS film, the 
electrode was rinsed with abundant ultrapure water. However, the deposited silica 
retains DA molecules within its pores as demonstrated by the cyclic voltammograms of 
the MIS-modified electrodes in a blank solution (see figure 2). The voltammogram 
during the first positive sweep shows an anodic current from 0.5V that corresponds to 
the oxidation of DA. During the negative going sweep, a reduction peak is observed at 
0.88V. 
 
   A      B 
 
 
 
 
 
 
Figure 2: (A) Successive cyclic voltammograms of a MIS-modified electrode immersed 
in a solution 0.5 M H2SO4. Scan rate 100 mV s-1. (B) The net oxidation charge as a 
function of the number of cycle is represented in the bar diagram. 
 
The cyclic voltammograms after the first cycle of MIS-modified electrodes 
immersed in a 0.5 M H2SO4 solution still show anodic currents at potential more 
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positive than +0.9 V corresponding to DA oxidation (figure 2.A). The corresponding 
reduction process is observed in the negative scan at +0.88 V. The anodic charge is 
always higher than the cathodic charge during the first 8 cycles, indicating a degradative 
oxidation of the DA species entrapped (fig. 2.B). The anodic current decreases and a 
stable redox processes is clearly observed at +0.9 V after nine potential cycles. This 
experiment can be used to leach out the DA from the entrapped site in the silica film. 
Thus, this electrochemical treatment is proposed to extract the template molecule from 
MIS film. 
Figure 3 shows SEM images of DA-molecularly imprinted silica deposited on GC 
electrodes at –10 mA cm-2. The presence of DA during gelification produces more 
heterogeneous aspect of the film and the shape of the colloids are less-defined, 
becoming more compact films than NIS. 
 
 
 
 
 
 
 
Figure 3: SEM micrographs of MIS-modified GC electrodes prepared at –10 mA cm-2. 
 
3.2. Electrochemical response of dopamine and ascorbic acid 
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Figure 4 shows the voltammograms obtained for bare GC and NIS-modified GC 
electrode in different solutions containing DA and AA in a molar ratio (DA:AA) of 
1:100. Figure 4.A shows the cyclic voltammogram of a bare GC electrode in a solution 
containing both analytes in concentration 0.1 mM DA + 10 mM AA in phosphate buffer 
solution (pH 7). The scan to positive potentials shows an oxidation peak at +0.69 V 
corresponding to the irreversible oxidation of AA and an oxidation peak at +0.82 V due 
to the oxidation of DA to dopaminequinone. The reduction peak of dopaminequinone to 
DA is observed at +0.79 V during the reverse scan. 
The oxidation of DA follows a typical ECE mechanism, initially DA is oxidised to 
dopaminequinone in the scan to positive potentials. The dopaminoquinone suffers a 
further chemical cyclation to leucodopaminechrome. The redox processes 
corresponding to the dopaminechrome/leucodopaminechrome transition appear at 
potentials lower than 0.4V (a potential lower than the selected lower limit, a complete 
voltammogram is shown in the Supporting information, fig. S1). The appearance of 
those processes has been related also with the polymerization of dopamine on the 
electrode surface that drives to the modification of the electrocatalytic performance of 
the GC surface towards dopamine oxidation. [45] 
Figure 4.B shows the cyclic voltammogram of the bare GC electrode in a solution 
containing DA and AA in 0.5 M H2SO4 solution. In this case, the dopamine response is 
not complicated by the formation of leucodopaminechrome or polydopamine since the 
chemical step is much slower in acidic pH than in neutral medium.[16,23,46] 
As observed, the scan towards positive potentials shows an oxidation peak at +0.63 V 
corresponding to the irreversible oxidation of AA, and the oxidation peak of DA 
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appears at +0.81 V, overlapped to the diffusion tail of the AA oxidation. In the reverse 
scan dopaminechrome is reduced in a single peak at +0.79 V. 
Figure 4.C shows the cyclic voltammogram of a non-imprinted silica-modified GC 
electrode (NIS) obtained at current density of –10 mA cm-2 immersed in the solution 
containing DA and AA in phosphate buffer solution (pH 7). The scan to positive 
potentials shows an oxidation peak at +0.57 V corresponding to the irreversible 
oxidation of AA and the oxidation peak of DA appears at +0.80 V and its reduction 
process at +0.76 V in the reverse scan. Then, the redox processes of DA appear poorly 
defined in this electrode, probably by the formation of polydopamine films that 
occludes the silica pores and therefore worsens the response of the modified electrode 
towards the detection of DA. 
Figure 4.D presents the electrochemical response of a solution containing DA and AA 
in acidic solution of a NIS modified electrode obtained at current density of –10 mA 
cm-2. The scan to positive potentials shows a peak at +0.57 V corresponding to the 
irreversible oxidation of AA, and at +0.80 V appears the oxidation peak of DA and the 
reduction counterprocess at +0.78 V during the negative sweep. The latter processes are 
very well defined and appear clearly separated of the AA oxidation. 
The comparison of the voltammograms for bare glassy carbon electrode with those in 
the presence of silica shows that electrochemically deposited silica modifies the 
voltammetric response in both media. The oxidation peaks corresponding to ascorbic 
acid and dopamine present a higher peak-to-peak separation and better definition mainly 
in the case of the acid solution (Figure 4.D). 
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Figure 4: (A) and (B) Electrochemical response of bare GC electrodes inphosphate 
buffer solution, pH 7 and 0.5M H2SO4, respectively. (C) and (D) Electrochemical 
response of NIS-modified electrode (–10 mA cm-2) in phosphate buffer solution, pH 7 
and in 0.5 M H2SO4, respectively. Solid lines: solutions containing 0.1 mM DA + 10 
mM AA. Dashed lines blank solutions. Scan rate 100 mV s-1. 
 
 
A Selectivity Parameter (SP) for the detection of DA in the presence of AA was defined 
from the voltammograms obtained, as the ratio of the oxidation faradic current for DA 
A B 
C 
D 
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and for AA voltammetric peaks obtained in these conditions (DA:AA concentration 
ratio 1:100): 
  (1) 
This SP has a value of 0.48 for NIS-modified electrode of figure 4.D. The SP was 
obtained for different molecularly imprinted silica films prepared at different reduction 
currents ranging between –5 to –20 mA cm-2. 
The effect of the concentration of molecular template was studied by adding dopamine 
template to the silica precursor solution at different concentration ranging from 10-3 to 
0.2 M. The SP of the MIS film (SPMIS) was compared with the SP of NIS film deposited 
in the same electrochemical conditions but in absence of template (SPNIS) and an 
Imprinting Effect Parameter (IEP) is defined as: 
  (2) 
Therefore, IEP =1 indicates that, for electrodes prepared using the same electrochemical 
conditions, the Selectivity Parameter of the molecularly imprinted electrode is the same 
than for the electrode prepared in the absence of template molecule, NIS, and no 
imprinting effect is observed. 
Figure 5 shows the contour plot for the value of IEP for different silica films prepared 
by the electrodeposition at a constant current of –10 mA cm-2. 
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Figure 5: Contour plot for the Imprinting Effect Parameter (IEP) of silica films as 
function of the concentration of the template, dopamine [DA] and the absolute value of 
electrodeposition charge used (Electrodeposited charge). Deposition current –10 mA 
cm-2. 
 
 
The IEP is represented as a function of two variables: the dopamine concentration in the 
template (abscissa) and the amount of electrodeposited silica accounted as electrical 
charge density passed through the electrode (ordinate). 
There are little IEP values for concentrations of the template lower than 0.04 M. For 
those films the IEP is always lower than 2, indicating that the behaviour of the MIS 
films is similar to NIS. The contour plot showing indicates the optimum values of IEP 
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(and therefore of selectivity), are obtained for concentration of the template molecule 
around 0.1 M for all the deposited charges. 
From figure 5, the maximum value of IEP is obtained for a deposited charge of –150 
mC cm-2 but it remains high for deposited silica up to –600 mC cm-2. Thicker films 
drive to a worsening of the selectivity. It can be due to a loss of the coherency of the 
films from a critical amount of deposited silica, since the film may present a limited 
adherence to the glassy carbon electrode.The cyclic voltammogram of a MIS-modified 
electrode prepared in the optimised conditions is presented in figure 6 (charge –150 mC 
cm-2 and concentration of the template 0.1 M) with an IEP of 3.62. The figure compares 
the voltammogram obtained in a solution containing 1 mM DA + 100 mM AA for a 
NIS-modified (dashed line) and a MIS-modified electrode (solid line) in the same 
optimal conditions. 
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Figure 6: Steady state cyclic voltammogram of  NIS-modified (deposition current –10 
mA cm-2; charge –150 mC cm-2, dashed line) and MIS-modified electrode (deposition 
current –10 mA cm-2;charge –150 mC cm-2 and 0.1M [DA] template, solid line) in a 
solution containing 1 mM DA + 100 mM AA (concentration ratio 1:100) in 0.5 M 
H2SO4. Scan rate 100 mV s-1. 
 
 
The MIS-modified electrode presents a better selectivity for the detection of DA than 
NIS. While the oxidation current for DA is similar for both NIS and MIS-modified 
electrode, the most important difference is related with the decrease of the intensity for 
the oxidation peak of AA in the MIS-modified electrode, indicating that this layer acts 
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as selective molecular filter for DA, excluding partially the pass of the AA molecules 
across the film. 
The silica-modified electrodes can be used as a suitable voltammetric sensor for the 
determination of DA. Figure 7 shows the voltammogram of a MIS-modified electrode 
immersed after the dosage of different amounts of DA. It can be seen that an increase in 
dopamine concentration is accompanied by an increase in the oxidation current around 
+0.80 V. 
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Figure 7: (A) Electrochemical response of the optimal MIS-modified electrode 
(deposition current –10 mA cm-2;charge –150 mC cm-2 and 0.1M template) in 0.5 M 
H2SO4 solution after the dosage of different amounts of dopamine. Scan rate 100 mV s-
1
.(B) Calibration curves for dopamine quantification with a different modified 
electrodes: GC electrode (squares), NIS-modified electrode (deposition current –10 mA 
cm-2;charge –150 mC cm-2 , triangles) and MIS-modified electrode (deposition current –
10 mA cm-2;charge –150 mC cm-2 and 0.1M template, open circles). 
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Figure 7.B shows the calibration curves obtained for a bare GC electrode and NIS-
modified and MIS-modified electrodes. It is remarkable that the bare GC electrode 
presents a sensitive response against DA for concentration lower than 250 µM but this 
electrode becomes less sensitive at higher concentration of DA. The slope of the curve 
below 250 µM can be fitted to a linear response (R2=0.999) and the sensitivity of the 
electrode amounts 0.83 µA µM-1. As observed the presence of non-imprinted silica 
(NIS) over the GC electrode improves the sensitivity towards DA due to the affinity of 
the silica for this molecule[43] and extends the range of sensitivity up to 500 µM. The 
sensitivity of the NIS-modified electrode is increased to 2.21 µA µM-1. 
The electrodes modified with molecularly imprinted silica present an improved 
behaviour with respect the bare GC and NIS-modified electrode, as it is observed in 
figure 7.B, for a MIS-modified electrode obtained in optimised conditions 
(concentration of template 0.1M). While the sensitivity for concentrations lower than 
250 µM slightly increases, with respect NIS-modified electrode (sensitivity 2.24 µA 
µM-1) the MIS-modified electrode present good sensitivity at higher concentrations up 
to 2 mM. The molecular imprinting of silica has a positive effect in terms of sensitivity 
towards DA as observed for other MIS-modified electrodes prepared with different 
concentrations of DA template, 10-4 and 10-2 M films (see fig. S2 in the Supporting 
Information).  
The detection limit (LOD) obtained for the MIS-modified electrode is 5.51 x 10-7 mol L-
1
 of DA in these conditions and it is calculated as the concentration, which produces an 
analytical signal 3 times the standard deviation of the blank signal, IUPAC 
criterion.[47] 
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Figure 8 shows the voltammogram of the MIS-modified electrode after further addition 
of AA up to concentrations of 0.1 M, keeping the dopamine concentration fixed at 10 
µM. The addition of the amount of interfering agent (in a molar ratio DA:AA 1:10000) 
slightly affect the measured current of the dopamine. 
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Figure 8: Steady state cyclic voltammogram of MIS-modified (deposition current –10 
mA cm-2;charge –150 mC cm-2 and 0.1M template) in a solution of 10 µM DA (dashed 
line) and in a solution of 10 µM DA + 0.1M AA (solid line) in 0.5 M H2SO4. Scan rate 
100 mVs-1. 
 
 
The MIS-modified electrodes can be used as amperometric sensor for the 
determination of DA in the presence of AA. Figure 9 shows the chronoamperometric 
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response recorded with a MIP-modified electrode in a solution containing 50 mM AA. 
The potential of the electrode was fixed at +0.9V during the successive addition of 
different amounts of DA. After the dosage of the neurotransmitter, an increase of the 
current can observed, proportional to the concentration of DA.  
Further addition of higher concentrations of AA (1 µM) does not affect the 
measured current during the experiment. The final addition of AA is three orders of 
magnitude greater than previous DA additions, but current is not significantly affected. 
We consider that the silica layer is effective as molecular filter for AA.We observe a 
linear response for a concentration range of DA between 100nM to 1 µM, in a solution 
containing 50 mM of interfering AA.  
 
 
Figure 9: Chronoamperometric response of a MIP-modified electrode (deposition 
current –10 mA cm-2;charge –150 mC cm-2 and 0.1M [DA] template) on the addition of 
increasing amounts of dopamine. Volume of solution 0.1L. Detection potential +0.9V. 
Solution 50 mM AA in pH 7 phosphate buffer solution. 
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The linear regression yields a sensitivity of 22.3(µA/µM) (correlation coefficient 
of 0.994). The detection limit, calculated as the concentration which produces an 
analytical signal 3 times the standard deviation of the blank signal was 14 nM of DA in 
these conditions. 
Similar chronoamperometric experiments were performed in acidic medium (0.5M 
H2SO4). A linear response was also obtained for a concentration range of DA between 
100nM to 1 µM in the presence of AA. The linear regression yields a sensitivity of 21.0 
(µA/µM) (correlation coefficient of 0.996). The detection limit was 57 nM of DA in 
these conditions. 
Table 1 shows the analytical parameters obtained with different modified electrodes 
appeared in the recent literature applied to the determination of DA in the presence of 
AA. As observed, the proposed sensor appears to have a high sensitivity in conditions 
of high concentration of AA. 
Further improvements of detection limit of MIS films could be obtained by the 
introduction of electrocatalytic species within the silica matrix, like carbon nanotubes 
and/or conducting polymers, following a similar methodology to that propose by us in 
previous papers.[44,48] Further work is under development in our group in that 
direction. 
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Table 1: Comparison of the electrochemical determination of DA in the presence of AA 
of different modified electrodes reported in the literature. 
Electrode modifier Limit of 
detection 
µM 
Sensitivity 
µA/µM 
Molar ratio 
DA:AA 
Ref. 
Carbon nanotube-polypyrrole 0.06 0.086 1:50 [49] 
Au- Silica core shell 0.02 0.0417 - [34] 
Graphene oxide- silica 0.03 0.0047 - [50] 
Au nanoparticles-polymer 0.0078  0.2443 1:100 [51] 
Graphene- polymer 0.11 0.025 - [52] 
Graphene 2.64  0.0659 1:250 [53] 
β-cyclodextrin-graphene nanocomposite 0.005 - 1:1000 [54] 
Amino-β-cyclodextrin-carbon Nanotubes 0.5 0.514 1:100 [55] 
Poly-β-cyclodextrin 4.1  - 1:33 [56] 
Graphene-Au,Ag 0.205 0.03 1:1000 [33] 
Poly-o-aminophenol 0.00198 0.2369 1:1000 [37] 
Cysteamine self-assembled monolayer 2.31  0.014 1:500 [57] 
Carbon nanotube-ionic liquid gel 0.1 0.237 1:5 [58] 
L-cysteine self-assembled monolayer 0.02 - 1:4 [32] 
Poly-EDOT-co-(5-amino-2-naphthalenesulfonic 
acid) 
0.5 1 1:500 [31] 
Gold nanorods
 
0.0055 3.28 1:1000 [36] 
Phytic acid-single walled carbon nanotube 0.08 - 1:250 [59] 
Microelectrode array 0.454  5.21 x 10-4 1:220 [60] 
Poly(nicotinamide)/CuO
 
0.08 0.236 1:25 [61] 
Poly-o-phenylenediamine 0.58  - 1:50 [62] 
Polystyrene sulfonate - multiwalled carbon 
nanotubes
 
15.7 12.37 1:500 [63] 
Silanized graphene 0.01 - 1:1000 [35] 
Poly-methylthiophene-, Pd, Pt 0.008 1.44 1:100 [64] 
Page 24 of 32
Ac
ce
pte
d M
an
us
cri
pt
24 
 
Nanoporous gold 0.017 - 1:500 [65] 
Electrodeposited Molecularly Imprinted Silica 0.014 22.3 1:50000 This 
work 
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Finally is necessary to indicate that silica-modified electrodesare stable during several 
days if the silica film is not dried. In this manner, the modified electrode can be reused 
after the recovery of the electrode sensitivity by applying a cleaning procedure similar 
to that shown in figure 2. In this manner, we used the same electrode up to 7 
measurements with similar performance. 
4. Conclusions 
In the present work glassy carbon electrodes have been modified with silica films 
prepared by electroassisted deposition of sol-gel precursor. Dopamine molecularly 
imprinted silica films where prepared for the electrochemical detection of dopamine in 
the presence of ascorbic acid. These films present a high coherency allowing a filtering 
capacity in the molecular scale. The MIS-modified electrodes present a very high 
selectivity and allow the electrochemical determination of dopamine in solutions 
containing high concentration of ascorbic acid (DA:AA molar ratio lower than 
1:50000). These levels of interference are similar to those found in physiological 
samples and therefore MIS-modified electrodes presented in this work are very 
promising for direct determination of dopamine. The fabrication method is also very 
versatile and can be applied to the determination of other molecules of interest simply 
modifying the template molecule. 
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